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(54) Medical laser irradiation apparatus 

(57) The apparatus (40) applies laser beams of two 
or more wavelengths, incapable of transmitting in a 
quartz optical fiber, through the use of an optical fiber 
cable. It is easy to handle and producible at a low cost, 
and is also capable of making irradiation through the use 
of a relay optical fiber cable comprising a quartz optical 
fiber (41 ). For this purpose, this apparatus is composed 
of a laser irradiation apparatus to output laser beams of 
a plurality of wavelengths capable of being transmitted 
by a quartz optical fiber, and two or more kinds of irra- 
diation optical fiber cables including an optical fiber ca- 
ble having a quartz optical fiber and containing a solid 
state laser medium and/or a nonlinear optical crystal at 
its tip portion. Thus, by using properly the plurality of 
irradiation optical fiber cables, it is possible to apply la- 
ser beams of two or more kinds of wavelengths, inca- 
pable of being transmitted by a quartz optical fiber, to 
an appropriate place through the use of one small-sized 
laser generating means. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to diagnostic and 5 
treating equipment in the medical field, and more par- 
ticularly to a medical laser irradiation apparatus suitably 
used tor displaying different effects through the use of 
a plurality of laser wavelengths. 

70 

RELATED ART 

In the case of employing a laser beam (light) for 
medical applications, since the effects on organic tis- 
sues vary in accordance with the wavelength of the laser 75 
beam, in general, a laser device capable of outputting 
a laser wavelength answering the purpose is selected. 
For instance, in the case of solidifying an organic tissue 
for medical purpose, a laser beam in a range from a vis- 
ible region to a near infrared region, which shows a rel- 20 
atively deep penetration property, is suitable. While in 
the case of evaporating an organic tissues, a laser beam 
in an infrared region, which shows shallow penetration 
property, is more effective. Further, for observing a flu- 
orescence for a medical purpose, a laser beam in an 2s 
ultraviolet region is appropriate. 

In a medical laser irradiation apparatus, a laser 
guiding means such as an optical fiber may be coupled 
to an apparatus equipped with at least one laser oscil- 
lator to guide a laser beam to a given place. In the case 30 
of irradiating with laser beams with two or more wave- 
lengths, the laser irradiation apparatus is provided with 
laser oscillators corresponding to different wavelengths, 
and if at least one of the laser wavelengths is within an 
ultraviolet region below 300 nm or within an infrared re- 35 
gion above 2.5 u.m, as the laser guiding means, in ad- 
dition to a general-purpose quartz optical fiber, an ultra- 
violet or infrared dedicated optical fiber may be used. 

Fig. 9 is an illustration of one example of an arrange- 
ment serving as medical laser irradiation apparatus for 40 
making laser beam irradiation having two or more wave- 
lengths as mentioned above, which was devised by this 
inventor at the same time. In Fig. 9, numeral 100 repre- 
sents a laser irradiation apparatus, 101 designates a 
quartz optical fiber, numeral 120 denotes a fluoride op- 45 
tical fiber, numeral 1 02 depicts an output setting switch, 
numeral 103 stands for a laser wavelength selector 
switch, numeral 104 signifies a display for displaying the 
output power or a set irradiation time, numeral 105 indi- 
cates a foot switch for performing a laser irradiation, and 50 
numeral 106 shows an emergency shutdown (safety) 
switch. Further, Fig. 10 exemplifies an internal construc- 
tion of the Fig. 9 medical laser irradiation apparatus, and 
in Fig. 10, numeral 110 represents an Nd : YAG laser 
serving as a first laser oscillating section for outputting ss 
a laser beam 111 with a first wavelength of 1.064 ^im, 
numeral 112 designates an Er : YAG laser acting as a 
second laser oscillating section for outputting a laser 



beam 113 with a second wavelength of 2.94 jim, numer- 
al 114 denotes a fixed reflecting mirror numeral 115 de- 
picts a movable reflecting mirror, and numeral 116 sig- 
nifies a focusing lens. 

A description will be made hereinbelow of the med- 
ical laser irradiation apparatus thus arranged. First, 
through the use of the this apparatus, for emitting the 
laser beam 111 with the wavelength of 1.064 urn from 
the tip portion of the optical fiber 101 , the laser oscillat- 
ing section 110 is chosen through the wavelength selec- 
tor switch 103 so that the movable reflecting mirror 115 
is put at a position expressed at numeral 115a and the 
laser oscillating section 110 assumes a waiting condi- 
tion. 

Next, the operator steps on the foot switch 105 to 
put the laser oscillating section 1 1 0 into operation, there- 
by emitting the laser beam 111 with the wavelength of 
1.064 um. The laser beam 111 is reflected by the fixed 
reflecting mirror 114 to a different optical path to be in- 
cident on the focusing lens 1 16 and then incident on the 
optical fiber 101 to be transmitted to the tip portion of 
the optical fiber 101 and applied onto the irradiation 
place. 

For emitting of a laser beam with a wavelength of 
2.94 j_im, the light-guiding optical fiber is replaced with 
the fluoride optical fiber 120, and the laser oscillating 
section 112 is chosen through the wavelength selector 
switch 1 03 so that the movable reflecting mirror 1 1 5 is 
put at a position designated at numeral 115b and the 
laser oscillating section 112 goes into a waiting condi- 
tion. Subsequently, the foot switch 105 is stepped on so 
that the laser oscillating section 112 beigins oscillation. 
The laser beam 1 1 3 with the wavelength of 2.94 u.m out- 
putted from the laser oscillating section 112 undergoes 
the optical path change due to the movable reflecting 
mirror 115 to be incident on the focusing lens 116 and 
further incident on the optical fiber 101 to be transmitted 
to the tip portion of the optical fiber 101 and applied onto 
the irradiation place. 

Moreover, as another means for making an irradia- 
tion of a laser beam, whose wavelength is within an ul- 
traviolet region below 300 nm or within an infrared re- 
gion above 2.5 urn, from an optical fiber tip, there has 
been proposed an apparatus containing a nonlinear op- 
tical crystal and/or a solid state laser medium in an op- 
tical fiber tip portion, which is disclosed in Japanese Pro- 
visional Publication Nos. 1-167812, 7-106665 and 
9-129949. 

However, according to a study by this inventor and 
others, in the medical laser irradiation apparatus based 
upon the above-mentioned constructions: in the case of 
emitting a laser beam from an optical fiber the laser 
beams of a plurality of wavelengths included as the ir- 
radiation laser wavelengths within an ultraviolet region 
below 300 nm or within an infrared region above 2.5 nm, 
a plurality of laser oscillating sections capable of output- 
ting the aforesaid laser wavelengths are required to be 
provided within the apparatus, so that the apparatus be- 
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comes considerably bulky and costly. Further, a special- 
purpose optical fiber is needed in addition to the gener- 
al-purpose quartz optical fiber. 

In addition, in the case of such laser irradiation ap- 
paratus, in general, when a light-guiding optical fiber is 
inserted into the inrerior of a living body together with a 
different medical device such as a catheter, if length of 
the light-guiding optical fiber is extremely longer than 
the length of the different medical device, this is unde- 
sirable from the viewpoint of operation or treatment such 
as sterilization. In the above-mentioned laser irradiation 
apparatus, when switching the irradiation laser wave- 
length, since it is necessary that the light -guiding optical 
fiber be once detached from the connection section of 
the apparatus and replaced with a different one corre- 
sponding to the wavelength, the length of the light-guid- 
ing optical fiber must extend from the apparatus up to 
the laser irradiation target, and hence, becomes ex- 
tremely longer when compared with the different medi- 
cal device extending from the target place to the vicinity 
of the user outside the living body. This creates a serious 
problem in practical use. 

Furthermore, in the case of the aforesaid prior art 
containing a nonlinear optical crystal and/or a solid state 
laser medium in an optical fiber tip portion, each optimal 
wavelength laser source must be provided with an laser 
irradiation apparatus for the excitation of the solid laser 
medium and/or the wavelength conversion by the non- 
linear optical element, and there is no interchangeability 
between the laser irradiation apparatus and the optical 
fiber cable containing the nonlinear optical crystal and/ 
or the solid state laser medium. Thus, there is a problem 
in that it is necessary that the laser irradiation apparatus 
and the optical fiber cable be paired for every output la- 
ser wavelength. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention has been devel- 
oped to eliminating the foregoing problems, and it is an 
object of this invention to provide a medical laser irradi- 
ation apparatus which is capable of conveniently sup- 
plying laser beams with two or more kinds of wave- 
lengths including a wavelength in an ultraviolet region 
below 300 nm or in an infrared region above 2.5 u,m 
through the use of one apparatus. 

For eliminating the aforesaid problems and achiev- 
ing the purpose, a laser irradiation apparatus according 
to this invention features the following arrangement. 

In a medical laser irradiation apparatus including a 
laser irradiation apparatus and at least two irradiation 
optical fiber cables coupled to the laser irradiation ap- 
paratus; the irradiation optical fiber cables comprise 
quartz optical fibers used as light guiding paths, and a 
solid state laser medium and/or a nonlinear optical crys- 
tal capable of generating a laser beam with a wave- 
length which is substantially difficult to guide through the 
quartz optical fibers are set on tip portions of the quartz 
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optical fibers; and the laser irradiation apparatus is 
equipped with laser generating means capable of gen- 
erating laser beams of a plurality of wavelengths which 
are transrnittable through the quartz optical fibers and a 

5 laser beam emitting opening. Thus, in accordance with 
the kinds of irradiation optical fiber cables connected to 
the laser irradiation apparatus, a laser beam with a 
wavelength suitable for the excitation of the solid state 
laser medium or for a wavelength conversion by the 

io nonlinear optical crystal is selectively guided through 
the interiors of the irradiation optical fiber cables, and 
the laser beams of at least two wavelengths which can 
not be guided through the quartz optical fibers are emit- 
ted from the tip portions of the irradiation optical fiber 

is cables. 

Other objects and advantages besides those dis- 
cussed above shall be apparent to those skilled in the 
art from the description of a preferred embodiment of 
the invention which follows. In the description, reference 

20 js made to accompanying drawings, which form a part 
thereof, and which illustrate an example of the invention. 
Such example, however, is not exhaustive of the various 
embodiments of the invention, and therefore reference 
is made to the claims which follow the description for 

25 determining the scope of the invention. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is an illustration of an arrangement of amed- 
30 ical laser irradiation apparatus according to a first 

embodiment of the present invention; 
Fig. 2 is an illustration of an arrangement for con- 
trolling the temperature of a diode laser light source; 
Fig. 3 is a cross-sectional view showing a principal 
35 portion of an irradiation optical fiber cable used for 
the medical laser irradiation apparatus according to 
the first embodiment of this invention; 
Fig. 4 is a cross-sectional view showing a principal 
portion of an irradiation optical fiber cable used for 
40 the medical laser irradiation apparatus according to 
the first embodiment of this invention; 
Fig. 5 is an illustration of a connection section of an 
irradiation optical fiber cable used for the medical 
laser irradiation apparatus according to the first em- 
45 bodiment of this invention; 

Fig. 6 is an illustration of parts used at the connec- 
tion section of an irradiation optical fiber cable used 
for the medical laser irradiation apparatus accord- 
ing to the first embodiment of this invention; 
50 Fig. 7 is an illustration of a structure of an irradiation 
optical fiber cable connecting receptacle for the 
medical laser irradiation apparatus according to the 
first embodiment of this invention; 
Fig. 8 is an illustration of an appearance of a med- 
55 ical laser irradiation apparatus according to a sec- 

ond embodiment of this invention; 
Fig. 9 is an illustration of an appearance of a med- 
ical laser irradiation apparatus; 
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Fig. 10 is an illustration of an internal construction 
of the medical laser irradiation apparatus; 
Fig. 11 is a schematic illustration of a medical laser 
irradiation apparatus according to a third embodi- 
ment of this invention; and 

Fig. 12 is an illustration of a structure for changing 
the optical path of a laser beam. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to the accompanying drawings, a detailed 
description will be made hereinbelow of prelerred em- 
bodiments of laser irradiation apparatus according to 
the present invention. 

In a laser irradiation apparatus according to an em- 
bodiment of this invention, when, for example, an irra- 
diation optical fiber cable having, at its tip portion a non- 
linear optical crystal capable of outputting a laser beam 
whose wavelength is below 300 nm, an irradiation opti- 
cal fiber cable having, at its tip portion, a solid state laser 
medium capable of outputting a laser beam whose 
wavelength is above 2.5 fim, or an irradiation optical fib- 
er cable comprising a quartz optical fiber are coupled to 
a iaser irradiation apparatus, the laser beam led through 
the irradiation optical fiber cable is switched to have a 
wavelength suitable in accordance with the kind of the 
irradiation optical fiber cable, and a laser beam with a 
wavelength below 300 nm or above 2.5 um or a diode 
laser beam with a near infrared wavelength suitable as 
a laser light source for the laser irradiation apparatus 
can be emitted from the different irradiation optical fiber 
cable tip portions. 

Thus, by only selecting the kind of the irradiation 
optical fiber cable to be used, laser beams of a plurality 
of wavelengths including a laser beam in a wavelength 
region failing to effectively transmit (to be guided) 
through a quartz optical fiber can be emitted from the 
irradiation optical fiber cable tip portion through one 
small-sized medical laser irradiation apparatus. It be- 
comes possible to perform the diagnosis using an ultra- 
violet laser beam, the solidification using a near infrared 
laser beam and the transpiration using an infrared laser 
beam. In addition, since all the irradiation optical fiber 
cables have a quartz optical fiber as a light guiding path, 
a relay optical fiber cable comprising a quartz optical 
fiber is insertable into between the irradiation optical fib- 
er cable and the laser irradiation apparatus. This can 
shorten the length of the irradiation optical fiber cable 
up to a value less than the distance from the laser irra- 
diation apparatus to the place subjected to the irradia- 
tion, thus setting the length thereof a different medical 
device to be used together with the laser apparatus. 

Furthermore, a means to detect the type of each 
optical fiber cable is placed at the connection section 
between two or more irradiation optical fiber cables and 
the laser irradiation apparatus or the relay optical fiber 
cable. The result is that the necessary laser beam can 
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be safely emitted without connecting an irradiation op- 
tical fiber cable in error. 

Fig. 1 is an illustration of an arrangement of amed- 
ical laser irradiation apparatus according to a first em- 

5 bodiment of this invention, which can emit a laser beam 
with a wavelength assuming any one of 970 nm, 2.B u.m 
or 275.5 nm by reconnecting three kinds of irradiation 
optical fiber cables. 

In Fig. 1 , numeral 40 represents a laser irradiation 

10 apparatus internally including a diode laser light source 
for a wavelength of 970 nm and a control circuit for tak- 
ing the charge of the lighting control of the diode laser. 
In addition, it contains a temperature control unit capa- 
ble of adjusting the wavelength in a range of 10 nm by 

is changing or altering the temperature of the diode laser 
light source. 

As shown in Fig. 2, the aforesaid diode iaser light 
source, designated at numeral 90, is mounted on a Pel- 
tier device 92 equipped with the radiation fins 91. The 
20 Peltier device 92 is made to vary the quantity of heat 
generated in response to a given current value, and the 
heat generated by this Peltier device 92 heats or cools 
the diode laser light source 90. The Peltier device 92 is 
provided with a temperature monitoring thermister 93. 
25 The temperature monitored by this thermister 93 is 1eed- 
backed to a temperature control unit 94 which internally 
include a driver circuit for the Peltier device 92 to control 
the temperature of the Peltier device 92, thus, the diode 
laser light source 90. The diode laser light source 90 is 
30 made, for example, so that the wavelength of a laser 
beam outputted varies by 0.3 nm when the temperature 
varies by 1 °C, and when the temperature variation of ± 
20° C occurs, the wavelength of the laser beam output- 
ted can vary by ± 6 nm. 

Numeral 41 denotes one of the irradiation optical 
fiber cables, and a solid state laser oscillating section 
capable of producing a light beam with a wavelength of 
2.8 ujti is integrally attached to a tip portion 41a of a 
quartz optical fiber, while the other end portion is 
equipped with a connector 41 b for connection with a la- 
ser irradiation apparatus 40. The connector 41 b has a 
projection which identify the irradiation optical fiber ca- 
ble 41 . Numeral 51 depicts a different one of the irradi- 
ation optical fiber cables, and a solid state laser medium 
capable of generating a laser beam with a wavelength 
of 551 nm and a nonlinear optical crystal are integrally 
provided at a tip portion 51a of a quartz fiber, whereas 
the other end portion is equipped with a connector 51b 
for establishing a connection with the laser irradiation 
apparatus 40. On the connector 51b, includes a projec- 
tion which can identify the irradiation optical fiber cable 
51 . Numeral 42 signifies a receptacle for making a con- 
nection of any one of the aforesaid three kinds of irradi- 
ation optical fiber cables in the laser irradiation appara- 
tus 40, which has a mechanism to detect the fiber type 
identifying projection in the connector 41b at the con- 
nection of the irradiation optical fiber cable. 

Numerals 43, 44 and 45 designate indicators for in- 
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dicating the connected one of the aforesaid three kinds 
of irradiation optical fiber cables on the basis of an iden- 
tification signal from the detection mechanism. Of these 
indicators, the indicator 44 corresponds to the irradiation 
optical fiber cable having, at its tip portion, the solid state 5 
laser oscillating section capable of generating the laser 
beam with a wavelength of 2.8 jam. The indicator 44 is 
for the irradiation optical fiber cable having, at its tip por- 
tion, the solid state laser medium capable of generating 
a laser beam with a wavelength of 551 nm and a wave- 
length converting device comprising a nonlinear optical 
crystal. The indicator 45 is for the irradiation optical fiber 
cable comprising a quartz optical fiber. 

Numeral 48 denotes a switch and lamp device for 
indicating the allowance of the laser irradiation. Numeral 
46 depicts an output setting switch for selecting the laser 
output level and an irradiation waveform. Numeral 47 
signifies a display section for displaying the contents set 
through the setting switch 46. Numeral 50 represents a 
fool swilch (or Ihe ON/OFF control of the laser output. 
Numeial 49 designates an emergency shutdown switch, 
with all operation stopping when depressing this switch 
49. 

Fig 3 is an illustration of a cross section of the tip 
portion 41 a of the irradiation optical fiber cable 41. In 
Fig. 3. numeral 70 represents aquartz optical fiber, nu- 
meral 22 denotes a diode laser beam whose wavelength 
is 967 nm Numeral 71 designates a focusing lens of the 
diode laser beam 22, and numeral 72 depicts a YSGG 
crystal where Er is doped by 30% as a solid state laser 
medium capable of generating a laser beam with a 
wavelength of 2.8 u.m. A reflecting mirror for laser with 
a wavelength of 2.8 u.m being coated on each of an in- 
cidence plane 72a and an outgoing plane 72b, and the 
incidence plane 72a and the outgoing plane 72b com- 
prises a laser resonator. Further, numeral 75 represents 
a sleeve for fixedly positioning the optical fiber 70, the 
focusing lens 71 and the solid state laser medium 72, 
and numeral 76 stands for an output laser beam whose 
wavelength is 2.8 um 

Fig. 4 is an illustration of the tip portion of the irra- 
diation optical fiber cable 51. In Fig. 4, numeral 80 rep- 
resents a quartz optical fiber, numeral 22 designates a 
diode laser beam with a wavelength of 975 nm, numeral 
82 denotes a focusing lens for the diode laser beam 22, 
numeral 83 depicts a YLF crystal where Er is doped by 
5% as a solid state laser medium capable of generating 
a laser beam with a wavelength of 551 nm. Numeral 85 
signifies a [3-BaB 2 0 4 serving as a nonlinear optical crys- 
tal for converting the laser beam wavelength of 551 nm 
into a beam of 275.5 nm. A reflecting mirror coating for 
the laser beam with a wavelength of 551 nm being made 
on each of an end surface 83a of the solid state laser 
medium 83 and an end surface 85b of the nonlinear op- 
tical crystal 85 while a nonreflective coating for the laser 
beam with a wavelength of 551 nm being formed on 
each of an end surface 83b of the solid state laser me- 
dium 83 and an end surface 85a of the nonlinear optical 
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crystal 85, and with the end surface 83a and the end 
surface 85b constituting a laser resonator. Further, nu- 
meral 87 depicts a sleeve for fixedly positioning the 
quartz optical fiber 80. the focusing lens 82, the solid 
state laser medium 83 and the nonlinear optical crystal 
85, numeral 84 stands for a laser beam whose wave- 
length is 551 nm, and numeral 86 designates an output 
laser beam whose wavelength is 275.5 nm. 

Fig. 5 is an illustration of one example of structures 
of the connector 41b in Fig. 1. In Fig. 5, numeral 17 sig- 
nifies an irradiation optical fiber cable, numeral 18 is a 
ferrule, and numeral 30 designates a fitting component 
for fixedly positioning the ferrule 18 at a central position 
and further for connecting it to the receptacle 42. Fur- 
ther, numeral 19 represents a projection section at- 
tached or formed integrally to or with the fitting compo- 
nent 30, with the projection section 19 having different 
configurations or assuming a given number of projec- 
tions in accordance with the types of irradiation optical 
fiber cables in order to identify the different irradiation 
optical fiber cables. The receptacle 42 is equipped with 
a mechanism to detect the configurations of the projec- 
tion section 1 9. Numeral 20 denotes a screw section for 
fixing the irradiation optical fiber cable to the laser irra- 
diation apparatus 40. 

Fig. 6 is an illustration of examples of configurations 
of the projections 1 9 for identifying three kinds of irradi- 
ation optical fiber cables, in the connect or exemplified 
in Fig. 5. 

Fig. 7 is an illustration of one example of mecha- 
nisms for detecting the kinds of the irradiation optical 
fiber cables, in the receptacle 42 shown in Fig. 1. In Fig. 
7, numeral 60 represents a receptacle body, numeral 61 
is an irradiation optical fiber cable fixing screw section. 
Numeral 62 designates a slide section which shifts by 
depressing the Fig. 4 projection section 19 in the irradi- 
ation optical fiber cable connector and which is placed 
at a portion where the screw section 61 is partially cut 
off. Numeral 63 depicts a spring for pushing out the slide 
section 62 at aconstant length, and numeral 64 denotes 
a switch which operates when the slide section 62 is 
pushed in by the connector projection section 19. 

Referring to Figs. 1 to 6, a description will be given 
hereinbelow of an operation of the medical laser irradi- 
ation apparatus constructed as described above. 

As shown in Fig. 1 , if the irradiation optical fiber ca- 
ble 41 capable of emitting a laser beam with a wave- 
length of 2.8 \im is connected to the receptacle 42 in the 
laser irradiation apparatus 40, for example, the connec- 
tor 41b has identifying projections such as a configura- 
tion indicated by numeral 19a in Fig. 5; the projection 
section 1 9a pushes down the corresponding portion of 
the slide section 62 (Fig. 7), the corresponding portion 
of the switch 64 turns ON; thereby detecting the con- 
nection of the irradiation optical fiber cable 41 . Simulta- 
neously with the ON state of the indicator 43, the tem- 
perature control unit 94 adjusts the temperature of the 
diode laser light source placed within the laser irradia- 
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tion apparatus 40 to a temperature for generating a 
967nm laser beam which provides the highest efficiency 
when the solid state laser medium 72 produces a laser 
beam with a wavelength of 2.8 um 

During Raser irradiation by the irradiation optical s 
fiber cable 41, the laser output mode, the output value 
and the irradiation time are set through the output setting 
switch 46 in Fig. 1 to appropriate values, and these val- 
ues are displayed on the display section 47. In this case, 
the output mode signifies the moduration waveform of to 
the irradiation laser beam intensity. 

If the switch 48 is pressed after the completion of 
setting of the output setting switch 46, a lamp integral 
with this switch 48 goes on so that the aforesaid control 
circuit confirms no malfunction, thereafter going into a 15 
laser irradiation waiting condition. In this waiting condi- 
tion, when the foot switch 50 in Fig. 1 is activated, a laser 
beam with a wavelength of 2.8 u,m is outputted from the 
tip portion 41a of the irradiation optical fiber cable 41 . 

Since in the receptacle 42 the aforesaid slide sec- 20 
tions are disposed at all the positions corresponding to 
the aforesaid identifying projections provided in the con- 
nector sections in accordance with the type of irradiation 
optical fiber cables, irradiation optical fiber cable is con- 
nectable to the receptacle 42 irrespective of its type, 25 
since the type of irradiation optical fiber cable can be 
automatically identified by means of the aforesaid de- 
tection mechanism. Accordingly, in the case of employ- 
ing the irradiation optical fiber cable 51 with a solid state 
laser medium capable of generating a laser beam with 30 
a wavelength of 551 nm and the nonlinear optical crystal 
are provided integrally at the tip portion of the quartz 
optical fiber as shown in Fig. 4, for example, the identi- 
fying projection section in the connector section 51b to 
the Fig. 19b configuration in Fig. 6, the specific irradia- 35 
tion optical fiber cable 51 is determined through the re- 
ceptacle 42. Concurrently with the turning on of indicator 
44, the temperature control unit 94 alters the tempera- 
ture of the diode laser light source provided within the 
laser irradiation apparatus 40 to a temperature for gen- 40 
erating a 975nm laser beam which provides the highest 
efficiency when the solid state laser medium 83 produc- 
es a laser beam whose wavelength is 551 nm. 

During the irradiation by the irradiation optical fiber 
cable 51, the laser output mode, the output value and 45 
the irradiation time are set to appropriate values through 
the use of the output setting switch 46 in Fig. 1 , and 
these values are displayed on the display section 47. 
On depressing the switch 48, after the completion of the 
setting of the output setting switch 46, a lamp integrated so 
with this switch 48 lights, and after the aforesaid control 
circuit conforms that there is no malfunction, the laser 
irradiation waiting condition is entered. In this waiting 
condition, if the foot switch 50 in Fig. 1 is activated, a 
laser beam with a wavelength of 275.5 nm is outputted ss 
from the tip portion 51a of the irradiation optical fiber 
cable 51. 

Furthermore, in a different operation of this laser ir- 



radiation apparatus, when using an irradiation optical 
fiber cable comprising a quartz optical fiber without any 
material at the tip porion, for example, if setting the iden- 
tifying projection section in the aforesaid connector sec- 
tion to the 19c configuration shown in Fig. 5, the con- 
nection with the irradiation optical fiber cable is detected 
through the receptacle 42. Simultaneously with the in- 
dicator 45 going on, the wavelength of the diode laser 
light source placed within the laser irradiation apparatus 
40 is altered to 970 nm. 

During the irradiation by the irradiation optical fiber 
cable, the laser output mode, the output value and the 
irradiation time are set to appropriate values through the 
use of the output setting switch 46, and these values are 
displayed on the display section 47. If the switch 48 is 
depressed after the completion of the setting of the out- 
put setting switch 46, a lamp integrated with this switch 
48 goes on, and after the aforesaid control circuit con- 
firms that there is no malfunction, a laser irradiation 
ready condition is entered. In this ready condition, if the 
foot switch 50 is activated, a laser beam with a wave- 
length of 970 nm is emitted from the tip portion of the 
irradiation optical fiber cable. Needless to say, in the 
case of using the aforesaid irradiation optical fiber cable 
comprising only the quartz optical fiber, the wavelength 
of the diode laser light source 90 is variable by varying 
the temperature of the diode laser 90, for example, the 
selection thereof is possible in a range of 965 nm to 975 
nm. 

Fig. 8 shows an arrangement of a medical laser ir- 
radiation apparatus according to a second embodiment 
of this invention. In Fig. 8, numeral 80 represents a relay 
optical fiber cable comprising a quartz optical fiber and 
numeral 80a designates a receptacle which is posi- 
tioned at the tip portion of the relay optical fiber cable 
80 and which is equipped with a mechanism to detect 
the type of connection sections of irradiation optical f ibe r 
cables as shown in Fig. 7 and to relay this infomation to 
the laser irradiation apparatus 40, for example, by using 
an electric signal. 

The operation of the medical laser irradiation appa- 
ratus according to the second embodiment constructed 
as mentioned above is basically similar to that of the 
above-described first embodiment, and the same com- 
ponents are marked with the same numerals and the 
description thereof will be omitted lor brevity. 

A feature of this embodiment is to employ the relay 
optical fiber cable B0, and all the three kinds of irradia- 
tion optical fiber cables mentioned in the first embodi- 
ment are made such that the quartz optical fiber is used 
as a light guiding path, they can be connected to the 
receptacle 80a at the tip portion of the relay optical fiber 
cable 80. 

Furthermore, since the type of the irradiation optical 
fiber cable connected to the relay optical fiber cable 80 
is detected by the receptacle 80a and the wavelength 
of a diode laser light source provided within the laser 
irradiation apparatus 40 is modified to an optimal value, 
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the irradiation laser beam wavelength setting when us- 
ing an irradiation optical fiber cable can be done in the 
same way as that of the first embodiment. 

Naturally, the length of the irradiation optical fiber 
cable used in this embodiment can be shortened as 5 
compared with the first embodiment because of using 
the relay optical fiber cable between the laser irradiation 
apparatus and the irradiation optical fiber cable. Further, 
one relay optical fiber cable 80 is used therefore, laser 
beams of at least two wavelengths which can not trans- io 
mit in a quartz optical fiber can be emitted from the tip 
portion of the irradiation optical fiber cable by replacing 
the type of the irradiation cable. 

Incidentally, although in the above-described first 
and second embodiments one diode laser is used as is 
the laser light source provided in the laser irradiation ap- 
paratus, other light sources are acceptable as long as 
they can generate a laser beam with a wavelength con- 
forming to the type of the irradiation optical fiber cable 
to be connected to the laser irradiation apparatus, for 20 
instance, a wavelength variable laser such as a titani- 
um-sapphire laser is suitable. In the case of employing 
a wavelength variable laser, it is also possible to use a 
laser in a band of 800 nm as a laser wavelength for 
transmitting in the irradiation optical fiber cable, and 25 
hence, in the above-described first and second embod- 
iments, a cable having an Nd : YAG solid state laser 
crystal and two nonlinear optical crystals at its tipportion 
can be used as the aforesaid irradiation optical fiber ca- 
ble capable of emitting an ultraviolet laser beam. 30 

In addition, although the description of the above- 
described embodiments is that one laser light source is 
internally included in the laser irradiation apparatus, it 
is also appropriate to provide a plurality of laser light 
sources generating laser beams of a plurality of kinds 35 
of wavelengths. 

Fig. 11 shows a medical laser irradiation apparatus 
according to a third embodiment of this invention. In Fig. 
11, numeral 1 represents a laser irradiation apparatus 
which internally includes a diode laser light source for a 40 
wavelength of 970 nm. Further, numeral 2 designates a 
quartz optical fiber as a first optical fiber cable for irra- 
diation, and numeral 3 denotes a second optical fiber 
cable for irradiation, with a solid state laser oscillating 
section capable of generating a laser beam with a wave- *s 
length of 2.8 um is integrally placed at the tip portion 3a 
of a quartz optical fiber. Still further, numeral 4 depicts 
a third optical fiber cable for irradiation, with a solid state 
laser oscillating section capable of generating a laser 
beam with a wavelength of 551 nm and a wavelength so 
converting section are integrally located at the tip portion 
4a of a quartz optical fiber. 

Numerals 5, 6 and 7 signify receptacles for the con- 
nection of the optical fiber cables 2, 3 and 4, respective- 
ly, in the laser irradiation apparatus, the receptacles be- 55 
ing equipped with fitting sections having different con- 
figurations and with means to present erroneous com- 
binations from being used, described herein later. Nu- 



meral 8 represents a selection switch for the optical fiber 
cables 2, 3, 4, and numerals 9, 10, 11 designate light- 
emitting lamp type indicators for indicating the optical 
fiber cables 2. 3, 4 selected through the selection switch 

8. 

Numeral 12 denotes a lamp and switch device for 
indicating the allowance of the laser irradiation, numeral 
1 3 depicts an output setting switch for selecting the laser 
output and the moduration waveform, and numeral 14 
signifies a display section for displaying the value set by 
the setting switch 13. Further, numeral 15 represents a 
foot switch which activates the laser to provide an output 
at an arbitrary timing when the operator steps on the 
switch. Still further, numeral 16 represents an emergen- 
cy shutdown switch, where all operations stop in re- 
sponse to the depression of the switch 1 6. 

The solid state laser oscillating.section is integrally 
placed at the tip portion of the optical fiber cable 3 as 
mentioned before. Its structure is the same as that of 
the structure of the tip portion 41a of the irradiation op- 
tical fiber cable 41 in the first embodiment shown in Fig. 
3. 

Furthermore, the solid state laser oscillating section 
and the wavelength converting section comprising a 
nonlinear optical crystal integrally located at the tip por- 
tion of the optical fiber cable 4. The structure is the same 
as the structure of the tip portion 51a of the irradiation 
optical fiber cable 51 in the first embodiment shown in 
Fig. 4. 

Still further, the structures of the connection sec- 
tions of the optical fiber cables 2, 3, 4 to be fitted in the 
receptacles 5, 6, 7 in Fig. 11 are the same as that in the 
first embodiment shown in Fig. 5. 

Moreover, the configurations of the projection sec- 
tion 1 9 for identifying the optical fiber cables 2, 3, 4 are 
also the same as those in the first embodiment shown 
in Fig. 6. 

Fig. 12 shows a mechanism for switching the laser 
beam to the optical cables for use in the interior of the 
laser irradiation apparatus 1 . In Fig. 12, numeral 21 is a 
diode laser light source, numeral 22 designates a laser 
beam generated from the diode laser light source 21 . 
Numerals 23, 24, 25 denote reflecting mirrors, and of 
these reflecting mirrors, the mirrors 24, 25 are equipped 
with a moving means. Numerals 26 : 27, 28 depict focus- 
ing lenses for condensing the laser beam 22 reflected 
on the reflecting mirrors 23, 24, 25 to focus them on the 
optical fiber cables 2, 3, 4. Numeral 29 signifies a control 
circuit which controls the position of the reflecting mirror 
24 or 25 in accordance with the kind of the optical fiber 
cable selected through the optical fiber cable selection 
switch 8 to switch the optical path of the laser beam 22, 
and further controls the temperature of the diode laser 
21 to perform the wavelength adjustment when neces- 
sary. In addition, the control circuit 29 receives the input 
from the output setting switch 1 3 and controls the driving 
condition of the diode laser 21 to generate the laser out- 
put or the irradiation waveform displayed on the display 
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section 14. 

An operation of the medical laser irradiation appa- 
ratus thus arranged will be described hereinbelow with 
reference to Figs. 11 and 12. For example, if setting the 
optical fiber cable selection switch 8 in Fig. 1 1 to the op- s 
tical fiber 2. the lamp of the indicator 9 goes on and the 
reflecting mirrors 24 : 25 move out of the optical path of 
the laser beam 22, and the laser beam 22 comes inci- 
dent on the reflecting mirror 23 so that the optical path 
selection for the laser beam 22 is uses the optical fiber 10 
cable 2. 

During the irradiation by the optical fiber cable 2, 
the laser output mode, the output value and the irradia- 
tion time are set to appropriate values through the use 
of the output setting switch 1 3, and these values are dis- f 5 
played on the display section 14. In this case, the output 
mode means the moduration waveform of the irradiation 
laser beam intensity. 

If the switch 12 is pushed down after the completion 
ol the selling of the optical fiber cable selection switch 20 
8 and the output setting switch 13, the lamp integrated 
with Ihe switch 12 lights up, and after the control circuit 
29 in Fig 12 confirms no malfunction, the laser irradia- 
tion waiting condition is taken. In the waiting condition, 
when Ihc loot switch 15 in Fig. 11 is activated, a laser 25 
beam with a wavelength of 970 nm is generated by the 
diode laser 21 and outputted from the tip portion of the 
optical fiber cable 2. 

Furthermore, in another operation of the laser irra- 
diation apparatus according to this embodiment, if set- 30 
ting the optical fiber cable selection switch 8 to the op- 
tical fiber cable 3. the lamp of the indicator 10 goes on, 
and the reflecting mirror 24 moves in a position to reflect 
the laser beam 22 so that the optical path selection cau- 
seesthe laser beam to use the optical fiber cable 3. Dur- 35 
ing the irradiation by the optical fiber cable 3, the laser 
output mode, the output value and the irradiation time 
are displayed on the display section 14 and set to ap- 
propriate values through the output setting switch 1 3. 

Since the diode laser 21 functions as an exciting 40 
light source for the solid state laser medium 72 (see Fig. 
3) integrally placed at the tip portion of the optical fiber 
cable 3, the value for the laser output 76 (see Fig. 3) as 
a wavelength of 2.8 u,m to be emitted from the solid state 
laser oscillating section 3a is displayed on the display 
section 14, and the control is performed by the control 
circuit 29 with respect to the output of the diode laser 
21. The oscillation wavelength of the diode laser 21 is 
altered to 967 nm which causes the solid state laser me- 
dium 72 to generate a laser beam with a wavelength of so 
2.B urn at high efficiency. 

When the switch 12 is pushed down after the com- 
pletion of the setting of the optical fiber cable selection 
switch 8 and the output setting switch 13, the lamp in- 
tegral with the switch 1 2 turns on, and the control circuit ss 
29 confirms no malfunction, thereafter going into the la- 
ser irradiation waiting condition. While in this waiting 
condition, if the foot switch 1 5 is activated, the solid state 
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laser medium 72 is excited by the diode laser beam 22, 
so that the laser beam 76 with the wavelength of 2.8 um 
is outputted from the tip portion of the optical fiber cable 

3. 

Moreover, in a different operation of the laser irra- 
diation apparatus according to this embodiment, if the 
optical fiber cable selection switch 8 is set to the optical 
fiber cable 4, the lamp of the indicator 11 goes on, and 
the reflecting mirror 25 moves to a position to reflect the 
laser beam 22 so that the optical path selection selects 
the use of the optical fiber cable 4. At the irradiation by 
the optical fiber cable 4, the laser output mode, the out- 
put value and the irradiation time are displayed on the 
display section 1 4 and set to appropriate values through 
the output setting switch 13. 

Since the diode laser 21 functions as an exciting 
light for the solid state laser medium 83 (see Fig. 4) in- 
tegrally placed at the tip portion of the optical fiber cable 
4, the value forthe laser output (see Fig. 4) with a wave- 
length of 275.5 nm to be emitted from the wavelength 
converting section 4a is displayed on the display section 
14. Control is performed by the control circuit 29 with 
respect to the output of the diode laser 21 , and the os- 
cillation wavelength of the diode laser 21 is altered to 
provide an output of 975 nm which can cause the solid 
state laser medium 83 generate a laser beam with a 
wavelength of 551 nm with the high efficiency. 

When the switch 12 is pushed down after the com- 
pletion of the setting of the optical fiber cable selection 
switch 8 and the output setting switch 13, the lamp in- 
tegral with the switch 12 goes on, and the control circuit 
29 confirms no malfunction, thereafter coming into the 
laser irradiation waiting condition. In this waiting condi- 
tion, if foot switch 15 is activated, the solid state laser 
medium 83 is excited by the diode laser beam 22 so that 
the laser beam 84 with the wavelength of 551 nm is gen- 
erated and the wavelength of the laser beam 84 is con- 
verted through the nonlinear optical crystal 85 to 1/2 the 
input wavelength, and the laser beam 86 with a wave- 
length of 275.5 nm is outputted from the tip portion of 
the optical fiber cable 4. 

The connectors for making the connection of the op- 
tical fiber cables 2, 3, 4 to the laser irradiation apparatus 
1 are respectively provided with the projections indicat- 
ed at 19a, 19b, 19c in Fig. 6, the receptacles 5, 6, 7 in 
the laser irradiation apparatus 1 are respectively 
equipped with fitting sections corresponding to the pro- 
jection sections 1 9a, 1 9b, 1 9c, and therefore, the optical 
fiber cables 2, 3, 4 are respectively exclusively connect- 
able with the receptacles 5, 6, 7. 

As described above, in the arrangements according 
to this invention, in a medical laser irradiation apparatus, 
at least two irradiation optical fiber cables including one 
having a solid state laser medium and/or a nonlinear op- 
tical crystal at their tip portions are used for outputting 
laser beams of a plurality of wavelengths capable of be- 
ing transmitted in the quartz optical fiber, and therefore, 
it is possible to emit laser beams of at least two wave- 
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lengths, for example, in an ultraviolet region or in a 
wavelength region above 2.5 um, which are hard to 
transmit in an quartz optical fiber, by the irradiation op- 
tical fiber cable tip portion. 

Furthermore, since it is possible to use a relay op- 
tical fiber cable comprising a general-purpose quartz 
optical fiber, it is possible to shorten the length of the 
irradiation optical fiber cable. Further it is ease to con- 
duct an unavoidable processing of treatment such as 
sterilization, and to set the length of the irradiation opti- 
cal fiber cable to a length required for different medical 
equipment to be used together in a medical case. 

Still further, mechanism is provided which identifies 
the above-mentioned two or more kinds of irradiation 
optical fiber cables, thus, it is possible to ensure the safe 
use of the laser irradiation apparatus without connecting 
erroneous irradiation optical fiber cables, and hence, the 
practical effects greatly improve, thus greatly contribut- 
ing to a wider application of the medical laser irradiation 
apparatus. 

Moreover, in the medical laser irradiation apparatus 
equipped with a diode laser light source, if two or more 
types of optical fiber cables including one having the sol- 
id state laser medium and/or the nonlinear optical crystal 
at their tip portions are used with one laser generating 
means, it is possible to generate laser beams with wave- 
lengths corresponding to the types of optical fiber ca- 
bles. 

Besides, in addition to the change of the oscillation 
wavelength of the diode laser due to the change of the 
temperature, for example, it is also possible to employ 
an change means in which a grating mirror is placed 
within a resonator and is rotated. 

The present invention is not limited to the above em- 
bodiments and various changes and modifications can 
be made within the spirit and scope of the present in- 
vention. Therefore, to apprise the public of the scope of 
the present invention the following claims are made. 



Claims 

1 . A medical laser irradiation apparatus including a la- 
ser irradiation apparatus and at least two irradiation 
optical fiber cables coupled to said laser irradiation 
apparatus when used; wherein said irradiation op- 
tical fiber cables comprise quartz optical fibers to 
be used as light guiding paths, and a solid state la- 
ser medium and/or a nonlinear optical crystal capa- 
ble of generating a laser beam with a wavelength 
which is substantially difficult to guide through said 
quartz optical fibers, are set on tip portion of said 
quartz optical fibers; and said laser irradiation ap- 
paratus is equipped with laser beam generating 
means capable of generating laser beams of a plu- 
rality of wavelengths which are transmittable 
through said quartz optical fibers and a laser beam 
emitting opening; such that, in accordance with 



10 



25 



30 



SO 



55 



kinds of said irradiation optical fiber cables connect- 
ed to said laser irradiation apparatus, a laser beam 
with a wavelength suitable for excitation of said sol- 
id state laser medium or for wavelength conversion 
by said nonlinear optical crystal is selectively guid- 
ed into the interiors of said irradiation optical fiber 
cables; and laser beams of at least two wave- 
lengths, which are substantially difficult to guide 
through said quartz optical fibers, are emitted from 
tip portions of said irradiation optical fiber cables. 



2. A medical laser irradiation apparatus according to 
claim 1 , further comprising detecting means for de- 
tecting the kind of said irradiation optical fiber cable 

is connected to said laser irradiation apparatus, and 
changing means for changing a wavelength of a la- 
ser beam to be outputted from said laser irradiation 
apparatus on the basis of the kind of said irradiation 
optical fiber cable. 

20 

3. A medical laser irradiation apparatus according to 
claim 1 , wherein said laser beam generating means 
includes a diode laser. 



A medical laser irradiation apparatus according to 
claim 1 , further comprising a relay optical fiber cable 
composed of quartz optical fiber, said relay optical 
fiber cable being provided between said laser irra- 
diation apparatus and said irradiation optical fiber 
cable. 



5. A medical laser irradiation apparatus according to 
claim 4, further comprising detecting means for de- 
tecting the kind of said irradiation optical fiber cable 

35 connected to said relay optical fiber cable and 
changing means for changing a wavelength of a la- 
ser beam to be outputted from said laser irradiation 
apparatus on the basis of the kind of said irradiation 
optical fiber cable. 

40 

6. A medical laser irradiation apparatus according to 
claim 1, wherein said laser generating means in- 
cludes one laser light source and drive means for 
generating laser beams of a plurality of wave- 
rs lengths from said laser light source. 



A medical laser irradiation apparatus according to 
claim 6, wherein said one laser light source is com- 
posed of a diode laser, and said drive means is 
equipped with temperature changing means for 
changing the temperature of said diode laser. 



8. A medical laser irradiation apparatus according to 
claim 7, wherein said temperature altering means 
includes a Peltier device and a current value alter- 
ing circuit for changing the current to be supplied to 
said Peltier device. 
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9. A medical laser irradiation apparatus according to 
claim 8, further comprising temperature detecting 
means for monitoring the temperature of said Pelti- 
er device. 

5 

10. A medical laser irradiation apparatus according to 
claim 6, wherein said one laser light source is a ti- 
tanium-sapphire laser. 

11. A medical laser irradiation apparatus according to 10 
claim 1 , wherein said laser beam generating means 

is equipped with a plurality of laser light sources for 
generating laser beams having different wave- 
lengths. 

75 
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